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The Pasteurization of Cream for Buttermaking
Part I.—Effect on Quality and Chemical Composition 
By M. Mortensen, W. G. Gaessler and W. H. Cooper
INTRODUCTION.
In some European countries the pasteurization of 
cream for buttermaking is extensively practiced. Butter 
manufacturers in the United States have long recognized 
that this is a desirable procedure and they have written 
numerous letters to the experiment stations seeking infor­
mation regarding it. In many cases it has been more or 
less difficult to answer these inquiries because of the com­
paratively small amount of experimental work which has 
been done along this line.
The purpose of the experiments herein reported was to 
determine the value of pasteurization to those engaged in 
the manufacture of butter. In this connection the effect of 
pasteurization on the flavor of the butter, on the keeping 
quality, on the body, on the chemical composition, and on 
the mechanical losses was considered and an effort was 
made to determine the relative merits of the various meth­
ods of pasteurization.
SCORING THE BUTTER.
The scoring of the butter, which is of the very great­
est importance in work of this nature, was done by one of 
the following judges: P. H. Keiffer, president of Gude 
Brothers, Keiffer Co., New York City; J. C. Joslin, federal 
market inspector, Chicago; H. C. Credicott, federal market 
inspector, Chicago, and C. W. Fryhoffer, federal market in­
spector, New York City. The butter was judged on its ar­
rival in Chicago or New York. It was then placed in cold 
storage, where it was held at a temperature of 0P F. for a 
period of three months or longer, after which time it was 
again scored.
EXPERIMENTS WITH SWEET CREAM.
I.— Vat Pasteurization.
The experiments with sweet cream were carried on at 
the Strawberry Point Co-operative creamery, Strawberry
A C K N O W LE D G M EN T S: T he a u th o rs  d es ire  to  e x p ress  th e ir  in d e b te d ­
n ess  to  th e  ju d g es  n am ed  above, to  W . H . Cooper, fo rm erly  a s s is ta n t  p ro ­
fesso r of da iry ing , Iow a S ta te  college, w ho h a d  ch a rg e  of th e  m a n u fa c tu re  
of th e  b u t te r  fo r th is  w ork , a n d  a lso  to  K . G. M cK ay, w ho a s  la b o ra to ry  
a s s is ta n t,  a id ed  m a te r ia lly  in  th e  m a n u fa c tu re  of th e  b u t te r  m ad e  from  
so u r cream .
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4Point, Iowa, the authors co-operating with J. J. Brunnér, 
the buttermaker at the Strawberry Point creamery, to 
whom much credit is due for the data obtained. The Straw­
berry Point creamery is a whole-milk plant. During the 
early period of the experimental work the milk was deliv­
ered to the creamery daily, while later it was delivered 
every other day. The cream was mixed and divided between 
two vats, the cream in the one vat being pasteurized, while 
that in the other remained raw. Pasteurization was carried 
out in a Wizard cream ripener. The same kind of starter 
in an equal percentage was added to the cream in each vat 
before ripening, the amount of starter used ranging from 
10% to 20%, while in a few instances even a greater amount 
was added. The cream was ripened at temperatures rang­
ing from 60° F. to 70° F. and varying in accordance with 
the amount of starter added and the quality of the cream. 
Thé pasteurized cream was usually ripened at a tempera­
ture ranging from two to six degrees higher than the ripen­
ing temperature of the raw cream. In no case was the 
cream ripened to a high degree of acidity. It was not so 
much the object to produce high flavored butter as it was 
to produce butter with keeping qualities and with about the 
same acidity as usual in the butter from this creamery.
RESULTS OBTAINED.
Table I gives the results obtained on sweet cream. The 
various churnings of butter were scored perfect on all 
points except flavor, with the exception of churnings nos. 
11, 12 and 17, which were reported to be a trifle inferior in 
body. Therefore the judges’ scores on flavor only are given. 
As churnings nos. 12 and 17 were made from raw cream 
and no. 11 from pasteurized cream, it is safe to draw the 
conclusion that pasteurization of sweet cream does not af­
fect the body of the butter to any noticeable degree.
It will be noted that in eleven experiments the butter 
made from pasteurized cream scored higher when fresh 
than butter made from raw cream. The butter from raw 
cream scored higher in four experiments, and the score was 
the same for both methods in two experiments. After the 
butter had been held in cold storage for three months, 
twelve experiments were in favor of the pasteurized cream 
butter, four in favor of the raw cream butter, and in one 
the scores were the same.
The average score on flavor of the fresh butter was 
38.76 points for pasteurized cream butter and 38.26 for the 
raw cream butter, or a difference of .50 points in favor of 
the butter manufactured from pasteurized cream. After
6
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5the cold storage period the average score for the raw cream 
butter was 36.21 points and for the pasteurized cream but­
ter 37.32, or 1.11 points in favor of butter manufactured 
from the pasteurized cream.
The buttermilk from eight churnings of raw cream 
tested higher in percentage of fat than the buttermilk from 
corresponding churnings of pasteurized cream, while butter­
milk from six churnings of pasteurized cream tested higher 
than buttermilk from the corresponding churnings of raw 
cream and three churnings produced the same results from 
raw and pasteurized cream. The average loss in the butter­
milk from pasteurized cream was .168 per cent, while the 
average loss in buttermilk from raw cream was .198 per 
cent, or .030 per cent higher in the buttermilk from raw 
cream.
It appears from these experiments that the churnings 
from pasteurized cream were a trifle more exhaustive than 
the churnings from raw cream. This may have been due 
to the decrease in viscosity of pasteurized cream. It was 
the object in these experiments to have the cream of dupli­
cate churnings of the same temperature. The temperature 
of the cream was taken and recorded after the churn had 
revolved with the cream from six to eight times. Pasteur­
ized cream should, however, be churned at a temperature of 
from two to four degrees below the temperature at which 
the raw cream is churned in order to produce an equally 
firm body in the butter. If this had been done in these ex­
periments there undoubtedly would have been a still greater 
difference in favor of the pasteurized cream.
EXPERIMENTS WITH SOUR CREAM.
Since the creameries are accepting sour cream from the 
producers, it is of interest to know if sour cream may be 
improved by pasteurization. Carl E. Lee* has come to the 
conclusion that pasteurization does not improve the quality 
of butter made from sour skimmed cream. According to 
H. H. Deanf, “There was not much difference in the quality 
of the butter from the various lots when fresh, what differ­
ence there was being in favor of pasteurization at 180° F. 
The keeping quality of the butter was improved by pasteur­
ization of the cream at from 140° to 180° F., there being 
very little improvement by heating the cream to 120° F.” 
Professor Dean recommends that the cream be pasteurized 
at a temperature of 180° to 185° F. Most of the experi-
♦B ulletin  No. 138, U n iv e rs ity  of Illinois.
f35th A nnual R e p o rt of th e  O n ta rio  A gr. College, pag e  104.
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6merits for this bulletin on the pasteurization of sour cream 
were conducted at the College creamery, although some 
work was done at the Huxley Co-operative creamery, Hux­
ley, Iowa, in co-operation with J. O. Olson, buttermaker at 
that creamery, and a few experiments were conducted at 
the Goldfield creamery, Goldfield, Iowa.
II.—Continuous Pasteurization.
The cream after being thoroughly mixed in a cream 
vat was divided into two lots. One remained raw, while 
the other lot was pasteurized. The same kind of starter 
was used for the two lots. It will be noticed that the cream 
contained a high degree of acidity at the time it was re­
ceived. It was therefore not allowed to ripen after the 
starter was added, except the cream for churnings nos. 66 
and 67, which was allowed to remain for two hours at 60° 
F. after the starter was added. The remainder of the cream 
was cooled immediately to churning temperature, at which 
it was held for a few hours before churning. Both the 
Reid and the Jensen pasteurizers were used in the experi­
ments.
RESULTS OBTAINED.
Table II gives the results of fifteen experiments. The 
body of the butter was reported perfect in all cases and in 
this respect no difference whatever could be detected be­
tween the pasteurized and the raw cream butter. When 
fresh, the butter from raw cream received the higher score 
on flavor in four experiments, the butter from pasteurized 
cream scored higher in nine experiments, and the scores 
were the same for the pasteurized and raw cream butter in 
two experiments.
The average score on flavor for the fresh butter from 
the fourteen experiments was 33.27 points for the pasteur­
ized cream butter and 32.70 for the raw cream butter, or a 
difference of .57 points in favor of the pasteurized cream 
butter. The butter from eleven experiments remained in 
cold storage for 90 days, after which period the average 
score on flavor was 31.09 points for raw cream butter and 
31.50 for pasteurized cream butter, or a difference of .41 
points in favor of the pasteurized cream butter.
It has been our experience that fairly satisfactory re­
sults are obtained by the continuous method of pasteuriza­
tion during the summer season, but during the winter sea­
son, when the cream has to be heated from a low tempera­
ture to a high pasteurizing temperature, a metallic flavor 
often results.
8
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7The amount of fat lost in the buttermilk was greater 
in buttermilk obtained from pasteurized cream. In only 
three experiments did the buttermilk from raw cream con­
tain more butter fat than the buttermilk from the corre- 
isponding churning of pasteurized cream, while in eleven 
experiments the buttermilk from pasteurized cream tested 
higher. The average fat content of buttermilk from four­
teen experiments was .152 per cent fat in the case of the 
:raw cream and .207 per cent fat in the case of the pasteur­
ized cream.
III.— Vat Pasteurization.
In several creameries cream ripeners have been used 
also as pasteurizers, thus serving a double purpose and ma­
terially reducing the amount of machinery required, while 
accomplishing much the same work with less labor.
Fourteen experiments were conducted to determine the 
value of pasteurizing sour cream in the vat, the results be­
ing compared with those obtained with raw cream. The 
method of dividing the cream used in these experiments was 
¡the same as in the previous experiments. Two different 
types of cream ripeners were used, the Jensen and the 
Wizard. At first the old style Jensen ripener with the small 
coil was used, but later the small coil was replaced with a 
larger one, which was much more satisfactory when the 
ripener was used as a pasteurizer. Part of the cream was 
[ripened at a low temperature after pasteurization, but for 
most of the experiments it was cooled to churning tempera­
ture immediately after pasteurization.
RESULTS OBTAINED.
The body of the pasteurized cream butter was some­
what inferior to that of the raw cream butter in that it was. 
not as clear and appeared a trifle sticky. It was not in­
ferior to the extent that the judges criticized it, but never­
theless the difference was quite marked.
In twelve out of fourteen experiments, as shown in 
table III, the butter from pasteurized cream scored higher 
ion flavor when fresh. In the other two experiments the 
score on flavor was the same for the raw and the pasteur­
ized cream butter, while in no instance did the butter from 
raw cream score higher. After being held in cold storage 
for three months, in eleven instances the butter from pas­
teurized cream scored higher, in three instances the scores 
were the same for the raw and for the pasteurized cream 
butter, while in no case v, as the score of the raw cream
9
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8butter higher than that of the corresponding pasteurized 
cream butter.
The average score of the fresh butter made from pas­
teurized cream was 34.89 points as against 32.71 for the 
butter made from raw cream, or a difference of 2.18 points 
in favor of the pasteurized cream butter. After the butter 
had been held in cold storage for three months, the average 
score for the pasteurized cream butter was 33.43 points as 
against and average score of 31.21 for the butter made from 
raw cream, or a difference of 2.22 points in favor of the 
butter made from pasteurized cream.
The fat content of the buttermilk from the pasteurized 
cream was higher than the fat content of the buttermilk 
from the raw cream in all cases except one. The average 
test for buttermilk from raw cream was .098 per cent and 
for the pasteurized cream .225 per cent, or .127 per cent 
higher in the case of the pasteurized cream.
IV.— Vat Pasteurization Compared with Continuous 
Pasteurization.
From the experiments thus far reported, it appears as 
though the best results were obtained when the cream was 
pasteurized in the cream ripener. In order to determine 
this more definitely a series of fourteen experiments was 
conducted in which the cream was divided into two lots, one 
pasteurized in the Reid continuous pasteurizer, the other in 
the cream ripener, both the Wizard and Jensen cream ripen- 
ers being used. With the exception of experimental lots 
nos. 29 and 34, which were ripened for two and a half hours 
at 65° F., the cream was not ripened, but cooled to churning 
temperature immediately after pasteurization.
RESULTS OBTAINED.
There was a noticeable difference in the body of the 
butter produced from cream pasteurized by the two meth­
ods. The cream pasteurized by the continuous method pro­
duced a butter of a clearer and more perfect body; the 
butter from vat pasteurized cream was inclined to be some­
what sticky and did not possess the desirable clear appear­
ance.
From table IV it will be noted that in six of the four­
teen experiments the higher score on flavor was secured 
when the cream was pasteurized with the cream ripener, in 
four experiments the best results were secured when the 
cream was pasteurized with the continuous pasteurizer, 
while in the remaining four experiments the butter pro­
duced by the two methods scored the same.
10
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9As to flavor, the fresh butter made from cream pasteur­
ized by the vat method scored an average of 34.11 points; 
the butter made from cream pasteurized by the continuous 
method scored an average of 33.89 points, a difference of 
.22 points in favor of the butter made from cream pasteur­
ized by the vat method. The butter from nine experiments 
was placed in cold storage for three months, and then the 
average score was 34.89 points for the butter made from 
cream pasteurized by the vat method as against 34.22 points 
for butter from cream pasteurized by the continuous 
method, or .67 points in favor of the former.
The average fat content of the buttermilk from vat 
pasteurized cream was .230 per cent as against .115 per cent 
for buttermilk from cream pasteurized by the continuous 
method, or .115 per cent in favor of the latter method of 
pasteurization.
V .—Continuous Pasteurization Compared wih Continuous 
Method, Using a Forewarmer.
From the foregoing it will be noticed that the best re­
sults were obtained when the cream was exposed to a higher 
temperature for some time. Less satisfactory results were 
obtained when the cream was heated from an extremely 
low to a high degree of heat by the flash method. Often the 
latter method produces a metallic flavor in the butter, for 
some reason which is not fully understood. The flash 
method of heating, however, produced the most desirable 
body and with it the loss of fat in the buttermilk was less 
than by the vat method of pasteurization. It was, therefore, 
thought possible to obtain the most satisfactory results by 
combining the two methods, a procedure followed by some 
of the more progressive commercial plants.
In this method the cream was first heated in a fore­
warmer to a temperature of 120° F., at which it was held 
for about twenty minutes before it was finally admitted to 
the continuous pasteurizer, where it was heated to 180° to 
185° F. A cream ripener, which is perhaps the most con­
venient forewarmer, was used in a few cases, but in most 
of the experiments a Jensen continuous pasteurizer was 
used as the forewarmer. The cream was heated by flash 
heat to about 125° F. and admitted to a retarder, which was 
furnished for the experimental work by the Graham & Gar- 
retson Milk Co., Ottumwa, Iowa. It required about twenty 
minutes for the cream to pass through the retarder and it 
was then admitted to a Reid continuous pasteurizer, where 
it was heated to 180° to 185° F. The method of pasteuriza-
11
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tion just outlined was compared with the continuous method, 
the exposure varying from 180° to 185° F.
RESULTS OBTAINED.
The body of the butter was practically the same when 
manufactured from cream pasteurized by each of these two 
methods. In five of the thirteen experiments, according to 
the data given in table V, the higher score on flavor was 
secured when the forwarmer was used; in one experiment 
the better result was obtained with the continuous method, 
while in seven experiments the results were the same for 
the two methods. After storage, in seven of the experi­
ments the butter produced from cream pasteurized with 
forewarming scored higher; in three experiments the oppo­
site result was obtained, while in three experiments the 
same score was obtained by the two methods.
On flavor, the average score of the fresh butter manu­
factured from cream for which the forewarmer was used 
was 35.15 points, as against 34.62 points when no fore­
warmer was used, or a difference of .53 points in favor of 
the forewarmer. After the butter had been held in cold 
storage for six months the average score on flavor where 
the forewarmer had been used was 33.46 points, as against 
32.85 points for the other method, or a difference of .61 
points in favor of the former.
The average loss of fat in the buttermilk was .158 per 
cent for the one method of pasteurization and .172 per cent 
for the other, so it may be considered that the loss of fat 
m the buttermilk was the same by the two methods.
VI. Vat Pasteurization Compared with the Continuous 
Method of Using a Forewarmer.
These experiments were similar to those just described 
except that the cream ripener was substituted for the con­
tinuous pasteurizer. A continuous pasteurizer was used 
for the forewarming in some of the experiments, while at 
other times the Jensen or Wizard cream ripener was used.
RESULTS OBTAINED!
The body of the butter made from cream heated after 
forewarning was clearer and more perfect than the body 
oi butter produced from vat pasteurized cream.
In four out of nine experiments the higher score on 
flavor was secured by the use of the forewarmer, in two the 
higher score was secured with vat pasteurization, while in 
three the same score was secured by the two methods After 
the butter had remained in cold storage for three months
12
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four samples from cream pasteurized by the vat method 
gave a higher score than the corresponding churning where 
the forewarmer had been used, three gave the opposite re­
sult and in two experiments the same score was secured
by the two methods. Ki- 1 »  j ,
The average score on flavor for fresh butter produced 
from cream pasteurized by the vat method was 35.11 points, 
while the average score of butter produced from cream pas­
teurized by the continuous method after forewarming was 
34.89 points, or a difference of .22 points in favor of the 
butter manufactured from vat pasteurized cream. After a 
three months’ period of cold storage, the butter from vat 
pasteurized cream scored on the average 33.67 points as 
against 33.11 points for the other method, or a difference of 
.56 points in favor of the former.
The average fat test of the buttermilk from seven ex­
periments was .388 per cent for vat pasteurized cream as 
against .231 per cent for cream pasteurized after forewarm­
ing, or .157 per cent in favor of the latter method. The im­
portance of a low churning temperature is readily notice­
able in experiment no. 58, where a high churning tempera­
ture resulted in a great loss of fat in the buttermilk.
VII.—Aeration of Cream.
It has been claimed that by aerating the cream any un­
desirable odor will be largely removed. Arrangements were 
therefore made for carrying out a series of experiments to 
determine the value of aeration to plants handling sour 
cream. An air pump was connected with the Wizard rip- 
ener. A perforated pipe lying at the bottom of the vat dis­
tributed the air through the cream. The air was taken from 
the outside of the building and after leaving the pump con­
ducted through limewater before entering the cream. A fan 
was installed for the purpose of carrying the vapor from 
the vat out of the building, though this is not absolutely es­
sential if the ventilation of the room is such that the steam 
is readily carried away.
When the experiments were first started the cold air 
was applied as soon as the heat was turned on for pasteur­
izing the cream and it was continued until the cream had 
been cooled to ripening or churning temperature. This 
method of aeration gave a very mealy body to the butter, 
which defect was partly overcome by heating the lime water 
to about 140° F. The air passing through the hot water 
was thus heated and the body of the butter was much im­
proved. However, it was still quite mealy and another im-
13
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provement was made when the air was hot admitted to the 
cream until the cream had reached a temperature of 120° 
F. It must be stated, however, that, regardless of the 
method adopted, the cream after being treated with the 
blower was a trifle more mealy than cream pasteurized by 
the vat method without aeration.
In three of these experiments the cream was held for 
some time after pasteurization at a temperature of 65° F 
for ripening. (See table VII.) Lots 267 and 268 were 
held at that temperature for 1 hour, lots 277 and 278 for 
2i/2 hours, and lots 281 and 282 for 41/2 hours. The rest 
of the cream in these experiments was cooled immediately 
after pasteurization to the churning temperature. The 
cream which was aerated was • pasteurized in the Wizard 
ripener, while the control lots were pasteurized in the Jen­
sen ripener. In all experiments the cream was held at the 
pasteurizing temperature for 20 minutes.
RESULTS OBTAINED.
The fresh butter manufactured from aerated cream 
gave an average score on flavor of 35.09 points as against 
34.73 points for butter from unaerated cream, or .36 points 
in favor of aeration. After the cold storage period the but­
ter from aerated cream scored on the average 36.55. points 
as against 36.27 points for butter manufactured from cream 
not aerated, or a difference of .28 points in favor of butter 
manufactured from aerated cream.
The loss of fat in the buttermilk was .136 per cent on 
the average for buttermilk from aerated cream and .151 
per cent on the average for buttermilk from cream not 
aerated, a variation which is too small to be of any signifi­
cance.
Influence of Different Methods of Pasteurization Upon the 
Chemical Composition of Butter.
It has been the experience of former investigators that 
butter manufactured from raw cream contains a trifle 
higher moisture content than butter manufactured from 
pasteurized cream. The data from these experiments pre­
sented in tables VIII and IX, confirm that experience.
• Howevei> a trifle higher moisture content was obtained 
ii1 /T sll^ n® butter from sour Cream nasteurized with 
^ e^ To]ding: method, table X. The data presented in tables 
a., XI and XII seem to indicate that prolonged heating of 
sour cream produces a higher moisture content in the re­
sulting butter. It was impossible to analyze chemically all
14
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of the churnings, so the data presented in tables VIII to 
XIII, inclusive, deal with smaller numbers of samples than 
the data presented in tables I to VII, inclusive.
Table VIII gives the results of sixteen experiments 
with sweet cream and shows that the average moisture con­
tent of the butter made from vat pasteurized sweet cream 
was 13.64 per cent and of the butter made from the raw 
cream was 14.16 per cent, or an increase of .52 per cent in 
favor of the raw cream butter. The average protein con­
tent of the butter made from the pasteurized cream was 
.89 per cent and of the butter made from the raw cream, 
.88 per cent, showing that there is but little variation in 
this respect in the butter made by the two methods.
From table IX it will be seen that in seven experiments 
the average moisture content of the butter made from the 
sour cream pasteurized by the continuous method was 14.13 
per cent and of the butter made from the raw cream, 15.46 
per cent, or a difference of 1.33 per cent in favor of the raw 
cream butter. The butter made from the pasteurized cream 
had a protein content of .68 per cent, while the raw cream 
butter contained .90 per cent protein, or a difference of .22 
per cent in favor of the raw cream butter.
Table X gives the results of eight experiments with 
sour cream. The average moisture content of the butter 
made from the vat pasturized cream was 14.72 per cent 
and of the control butter, 14.40 per cent, or a difference of 
.32 per cent in favor of the former. The average protein 
content of the butter made from the raw cream was .94 per 
cent, while the butter made from the pasteurized cream 
contained .77 per cent protein on the average, or a difference 
of .17 per cent in favor of the raw cream butter.
A comparison of the moisture and protein content of 
butter made from sour cream pasteurized by the holding" 
method with butter made from cream pasteurized by the 
continuous method is given in table XI (nine experiments). 
The average moisture content of the former butter was 
14.60 per cent and of the latter butter, 14.19 per cent, or a 
difference of .41 per cent in favor of the former. The aver­
age protein content of the butter made from the vat pas­
teurized cream was .65 per cent and of the butter made from 
cream pasteurized by the continuous method, .68 per cent, 
a variation too small to be of any significance.
The influence of the forewarmer is shown in tables XII 
and XIII. Table XII (seven experiments) compares the 
butter from cream pasteurised by the continuous method 
with butter from cream pasteurized after forewarming.
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The average moisture content of the former butter was 
14.24 per cent and of the latter butter 15.16 per cent, or a 
difference of .92 per cent in favor of the latter. The aver­
age protein content of the two kinds of butter was prac­
tically the same, being .46 per cent where the forwarmer 
was used and .50 per cent where it was not used. Table 
XIII (eight experiments) compares the butter made from 
sour cream pasteurized by the holding method with butter 
pasteurized after forewarming. The average moisture con­
tent of the former butter was 14.01 per cent and of the lat­
ter butter 14.74 per cent, or a difference of .73 per cent in 
favor of the latter. The average protein content was much 
the same, being .43 per cent for the butter made from cream 
pasteurized with the forewarmer and .42 per cent for the 
other. From these results it will be seen that the use of 
forewarmer apparently increased the moisture content of 
the resulting butter, while it had little effect on the protein 
content.
Table XIV gives the results obtained with aeration and 
without aeration. The average moisture content of butter 
made with aeration was 14.01 per cent and of the butter 
made without aeration, 14.07 per cent, while the average 
protein content was .574 per cent in the former case and 
.569 per cent in the latter case. From these results it is evi­
dent that aeration has little effect on the chemical composi­
tion of the resulting butter.
DISCUSSION OF T H E  LOSS OF FAT.
It will be noted from the foregoing that pasteurization 
of sweet cream slightly decreased the loss of butter fat in 
the buttermilk. It did not influence the chemical composi­
tion of the butter and the body was not injured. This may 
be explained as being due to the fact that the casein is not 
appreciably affected by heat except in the presence of a cer­
tain amount of acid.
When sour cream is pasteurized the casein particles be­
come hardened. The rapidity with which this hardening 
process takes place influences the loss of butter fat in the 
buttermilk and has a certain influence on the body of the 
butter. It will be noted from the experiments in the com­
parison of the continuous and vat methods of pasteurization 
that the butter fat loss in the buttermilk is materially less 
when the continuous pasteurizer is used. This is due to the 
casein particles hardening rapidly upon being exposed to 
the high heat in continuous pasteurization, whereas in the 
vat method this hardening takes place more slowly. The 
casein particles during the slow process of heating become
16
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sticky. Several of them may adhere together, incorporating 
some of the fat globules, and in this way increasing the fat 
content of the buttermilk. In pasteurization by the continu­
ous method this adherance does not take place to such an 
extent and the fat globules incorporated in the casein are 
comparatively few, although there is also a certain loss 
by this method of pasteurizing sour cream, as is evident 
from table II. When the casein particles adhere and become 
hardened the body of the butter is more or less affected. 
It loses in smoothness and becomes what is termed mealy.
The pasteurization of sour cream affects the percentage 
of protein in the butter, as the casein, in the presence of 
th acid, is hardened and thrown into clumps known as curd 
particles, that are quite readily removed in the draining and 
washing of the butter.
SUMMARY.
1. Pasteurization of either sweet or sour cream im­
proves the flavor of the resulting butter.
2. Vat pasteurization seems to be the most efficient 
method of sour cream pasteurization for improvement of 
flavor.
3. The per cent of butter fat lost in the buttermilk 
when churning raw cream is slightly greater than with 
cream pasteurized while sweet. Reversed results were ob­
tained when sour cream was pasteurized.
4. The per cent of butter fat lost in the buttermilk 
when churning cream pasteurized while sour by the hold­
ing method is greater than when churning cream pasteur­
ized while sour by the flash method.
5. The body of the resulting butter is slightly injured' 
by pasteurizing sweet cream by the holding method.
6. Butter manufactured from raw cream has higher 
moisture content than butter manufactured from cream 
pasteurized by the flash method.
7. r, Prolonged heating of sour cream produces a higher 
moisture content in the resulting butter.
8. The per cent protein content of the resulting but­
ter is not influenced by the pasteurization of sweet cream, 
but is decreased by pasteurization of sour cream.
17
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1 1 P a s t. 1225 57.0 .13 140° F. 20 52 12 .52 .1510-7 2 R aw 1100 50.0 .13 53 12 .42 .34
2 3 P a s t . 1435 .11 142° F. 20 54 13 .46 .1610-8 4 R aw 1155 .11 53 13 .39 .32
3 5 P a s t. 1400 .13 150° F. 19 56 12 .52 .34
10-9 6 R aw 1520 .13 55 12 .49 .16
4 7 R aw 1534 39.0 IS 149° F. 54 13 .53 .31
10-10 8- P a s t . 1225 44.5 .12 20 54 13 .48 .25
5 9 R aw 1575 40.5 .12 54 12 .53 .27
10-11 10 P a s t. 1365 40.5 .12 146° F. 20 54 12 .49 .27
6 11 P a s t . 1365 40.2 .13 142° F. 20 54 12 .52 .13
10-12 12 R aw 1605 40.0 .13 56 12 .57 .37
7 13 P a s t. 1435 .14 142° F. 20 53.5 12 .57 .20
10-13 14 R aw 1495 .14 55.0 12 .65 .27
8 15 P a s t. 1225 38.3 .12 13o° F. 17 56 14.5 .45 .28
11-9 16 R aw 1265 38.3 .12 56 14.5 .47 .28
9 17 R aw 858 42.0 .11 57 14 .39
11-10 18 P a s t. 980 43.0 .11 142° F. 20 56 14 .38
11-13 11 22 P a s t. 1190 42.0 .11 142° F. 28 51 15.25 .60 .14
23 R aw 840 42.0 .11 51 15.25 .61 .08
12 24 R aw 665 44.5 .12 55 16 .61 .07
11-14 25 P a s t. 916 44.5 .12 150 s F. 24 55 16 .59 .12
13 26 P a s t. 1120 42.0 .11 142° F. 24 54 14.5 .19 .09
11-15 27 R aw 700 .11 54 15 .56 .12
14 29 P a s t. 1225 37.0 .12 144° F. 22 55 15 .53 .08
11-17 30 R aw 910 37.5 .12 55 15 .59 .23
16 32 R aw 885 .13 55.5 20 .60 .04
11-21 33 P a s t. 1225 .13 142° F . 33 56 15 .64 .06
17 35 P a s t. 1225 • .12 150° F . 31 15.5 .10
11-23 36 R aw 840 .12 20.0 .10
19 38 R aw 850 .12 57 20 .52 .14
11-25 39 P a s t. 1160 .12 160° F . 53 56 16 .59 .1821 41 P a s t. 1090 .11 176° F . 40 52 16 .59 .13
11-27 42 R aw 815 •.11 55 20 .59 .07
A v erag e  fo r p a s te u riz e d  c ream  .168
A v erag e  fo r ra w  c re a m ....................  .198
B u tte r  Score on 
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23 46 P a s t. R eid 1680 28.0 .35 ’ 170° F . none 56 18.0 .07 Sam p
12-15 47 R aw 2612 28.75 .35 none 57 18.0 .15 36.0
24 48 R aw 1617 30.0 .25 8.3 54 17.0 . i l 37.0
12-18 49 P a s t. R eid 1115 30.5 .25
00CO F . 10.8 52 18.0 .06 38.0
1912 27 54 R aw 610 .40 14.8 56 3.0 .42 .18 35.U
1-3 55 P a s t . R eid 543 .40 180° F. 11.0 53 3.0 .47 .11 33.0
33 66 R aw 519 23.5 .40 15.4 55 2.0 .52 .13 37.5
1-11 67 P a s t. R eid 587 23.5 .40 185° F . 12.0 52 2.0 .51 .18 35.0
44 88 P a s t. R eid 600 28.0 .54 185° F . 17.3 46 3.0 .20 34.0
6-26 89 R aw 600 28.0 .54 17.3 50 3.0 .15 32.0
45 90 P a s t. R eid 650 22.0 .58 185° F. 17.5 46 3.5 .59 .12 36.0
6-28 91 R aw 650 22.0 .58 17.5 50 3.75 .61 .11 33.0
46 92 P a s t. R eid 800 25.0 .60
CO00 F . 13.1 40 3.0 .60 .21 34.0
7-1 93 R aw 800 25.0 .60 13.1 50 3.0 .64 .12 33.0
47 94 P a s t. R eid 790 25.25 .61 185° F . 10.0 46 3.5 .61 .19 31.0
7-3 95 R aw 790 25.0 .61 10.0 49 3.0 .61 .11 32.0
48 96 P a s t. R eid 530.5 29.0 .59 185° F. 15.5 45 3.5 .60 .25 32.0
7-6 97 R aw 519.5 29.0 .59 15.5 49 3.0 .60 .20 30.0
50 100 P a s t. R eid 854 30.0 .55 185° F. 9.8 45 3.5 .57 .25 33.0
7-10 101 R aw 746 30.0 .55 11.0 46 3.25 .58 .10 32.0
51 102 P a s t. R eid 491 26.5 .54 185* F. 17.3 50 3.5 32.0
7-12 103 R aw 509 26.5 .54 16.7 48 3.0 32.0
52 104 P a s t. R eid 448 27.0 .56 185° F. 15.0 46 3.5 .16 33.0
7-13 105 R aw 502 27.0 .56 15.0 50 3.0 .07 32.0
100 200 R aw 629 .70 none 48 .30 31.0
9-3 201 P a s t. Je n se n 636 .70 180° F. none 46 .50 27.0
102 204 R aw 528 22.25 .75 11.4 50 .20 31.0
9-10 205 P a s t. Je n se n 478 22.25 .75 180° F. 13.0 50 .30 35.U
103 206 R aw 321 32.75 .61 13.4 54 .61 33.0
9-11 207 P a s t. • Je n sen 395 32.75 .61 180° F. 17.0 48 .65 33.0
104 . 208 R aw 687 28.0 .56 54 .56 .20 30.0














B u tte r  Score on 
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B u tte r  Score 
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22 , 44 P a s t . Je n se n 2300 28.5 .37 142° F . 15 55 10.0 15 55 .13 36 3512-18 45 R aw Je n se n 2100 28.5 .37 56 10.0 20 56 : .10 34 33
25, 50 P a s t . Je n se n 1450 30.0 .31 139° F; 15 55 10.0 16 55 , .08 36.5 3612-22 51 R aw 1960 30.0 .31 55 10.0 18 55 .06 36 351912 26 ■ 52 P a s t. W iza rd 800 27.5 .38 150° F. 20 70 11.0 4 51 2.0 .50 .17 34 331-2 53 R aw 603 27.5 .38 70 10.0 4 55 2.0 .55 .20 34 3028 56 R aw 532 28.5 .40 68 12.0 3. 2.0 .54 .09 32 301-4 57 P a s t. W iza rd 617 28.5 .40 150° F. 20 70 12.0 3 52 2.0 .53 .10 33 34103 106 P a s t. Je n se n 728 25.0 .58 141° F. 20 n o t 4.6 n o t 47 3.0 33 317-17 107 R aw 772 25.0 .58 ripd 5.9 r ip ’d 50 3.5 32 29104 108 P a s t. W iza rd 352 21.2 .43 142° F . 20 20.0 M 47 3.0 .50 .25 35 297-19 109 R aw 348 20.5 .43 20.0 99 46 3.5 .51 .12 32 29105 110 P a s t. Je n se n 433 22.5 .41 142° F. 20 18.0 48 3.5 .51 .22 38 357-20 111 R aw 426 22.5 .41 15.0 54 2.75 .46 .12 32 31106 112 P a s t. W iza rd 424 24.0 .46 146° F. 25 13.0 47 3.0 .55 33 307-22 113 R aw 425 23.5 .46 13.0 52 3.0 .13 32 30107 114 P a s t. Je n se n 589 26.7 143° F. 20 10.9 47 3.0 32 337-24 115 R aw 590 27.7 10.9 51 3.0 30 30111 122 P a s t . W iza rd 360 23.7 .49 143° F . 20 0.0 47 3.0 .60 36 358-2 123 R aw 360 24.0 .49 0.0 50 4.0 .13 31 31112 124 P a s t . W iza rd 390 24.0 .45 144° F. 20 21.0 46 3.0 .18 32 308-5 125 R aw 390 22.0 .45 21.0 50 4.0 .05 30 29125 249 R aw 502 26.5 .57 12.1 45 15.0 .58 .06 34 32*11-14 250 P a s t. W iza rd 558 28.0 .57 145° F. 20 10.2 46 16.0 .56 ,21 34 34*126- 251 R aw 712 25.5 .56 8.8 50 .57 .06 36 31*11-18 252 P a s t. W iza rd 790 27.0 .56 145“ F. 20 9.7 50 .57 .11 38 36*127 253 P a s t . W iza rd 639 30.0 .47 145° F . 20 6.4 46 15.0 .49 .10 38 37*11-26 254 R aw 764 30.0 .47 4.9 47 15.0 .49 .06 33 37*
A v erag e  fo r  V a t P a s te u r iz e d ...........................225 34.89 33.43
A v erag e  fo r  R a w  ...................................................098 32.71 31.21
♦Scored a f te r  120 d ay s in s te a d  of 90 days.
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■ 29 58 V a t W iza rd 811
1 gg 59 C ont. R eid 53U
32 64 C ont. R eid 765
1-10 65 V at W izard 1053
34 68 V a t Je n se n 612.5
fi-10 69 C ont. R eid 577.5
40 80 V a t Je n se n 713
fi-19 81 C ont. R eid 688
41 82 V at Je n se n 831
6-22 83 Cont. Refd 869
42 84 V at W izard 621
6-24 85 Cont. R eid 629
43 86 V at Je n se n 525
6-25 87 Cont. R eid 525
106 212 C ont. R eid 1374
9-20 213 V at Je n se n 1571
128 255 Cont. R eid 589
11-29 256 V at W izard 599
129 257 V at Je n se n 1098
12-2 258 C ont. R eid 903
130 259 C ont. R eid 621
12-4 260 V at W izard 719
131 261 Cont. R eid 611
12-6 262 V at W izard 592
132 263 Cont. R eid 866
12-9 264 V at W izard 990
133 265 V at Je n se n 595
12-10 266 Cont. R eid 450




















































































































































27 K .38 146 20 15 52 2.0 .56 .21
27.5 .38 180 15 54 2.0 .58 .14
31.0 .50 185 13 53 2.0 .16
31 0 .50 155 20 10 54 2.0 .54
.20
28 0 .48 144 20 13.7 45 3.0 .30
28 0 .48 185 13.8 45 3.0 .54 .22
29 5 .54 142 20 15.5 47 3.0 .56 .50
29 5 .54 185 16.2 46 3.0 .56 •12
31 5 .61 158 20 12.5 46 2.5 .57 .50
30 5 .61 184 12.0 46 3.0 .57 ,15
27 5 .53 140 20 18.8 46 3.0 .55 .28
27 5 .53 185 18.6 46 3.0 .55 .15
28 0 .59 144 20 20.8 46 3.0 .60 .27
28.0 .59 185 20.8 46 3.0 .60 .20
27.75 .85 180 11.4 46 2.0 .85 .06
27.75 .85 140 20 10.0 45 2.0 .81 .16
25.25 .43 180 10.0 ■47 2.0 .40 .09
25.25 .43 145 50 10.0 50 2.0 .42 .13
31 0 .54 145 25 11.4 52 18.0 .57 .16
31 0 .54 180 13.9 52 19.0 .58 .04
27 5 .57 180 11.7 52 19.0 .54 .08
27 5 .57 145 ‘ 20 9.8 53 19.0 .52 .18
34 0 .45 180 13.4 56 13.5 .49 .05


























33.25 .42 180 20 6.8 54 14.0 .40 .04
A verage  fo r V a t P a s t e u r i z e d . . . . . . . .  .230
A verage  fo r C o n tinuous P a s te u r iz e d  .115
B u tte r  Score on 














34.0 N o t s to red
34.5 N o t s to re d
32.0 N ot s to re d
35.0 N ot s to red
34.0 N ot s to red
34.0 N ot s to re d
35.0 N o t s to re d
33.0 N o t s to red
34.0 N o t s to red
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1 8 f 30 60 Cont. R e id 546
61 Double R eid  & P e e r-
less 722
1-9 . 31 62 Cont. R eid 610
i 63 D ouble R eid  & P e a r-
less 873
8-7 63 126 Cont. R eid 433
127 D ouble R eid  & R eid 583
8-12 ’ 65 130 Cont. R eid 576
131 D ouble R eid  & R eid 655
8-20 67 134 C ont. R eid
135 D ouble R eid  & R eid
8-23 69 138 Cont. R eid 558
139 D ouble R eid  & R eid 558
9-19 105 210 C ont. R eid 1683
211 D ouble Je n se n  R. &
R eid 1130
9-24 107 214 C ont. R eid 1575
215 D ouble Je n se n  R. &
R eid 1743
9-26 108 216 Cont. R eid 2076
217 D ouble Je n se n  R. &
R eid 2176
10-25 115 229 C ont. R eid 587
230 D ouble W iza rd  R: &
R eid 546
L0-2" 116 231 Cont. R eid 510
232 D ouble W iza rd  R. &
R eid 713
10-29 117 233 Cont. R eid 683
234 D ouble Je n se n  R. &
R eid 477
10-30 118 235 Cont. R eid 364
236 D ouble Je n se n  R. &
' 7:"' , R eid 381
»Scored a f te r  120 d ay s in s te a d  of 180 days. 
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26.5 .58 185 14.0 56 I .09 33 31**
26.5 .58 185 10.5 54 .14 34 33**
32.5 .56 185 23.0 52' .18 31 29**
32.5 .56 185 15.0 53 .14 33 32**
24.5 .57 185 23.0 45 3.0 .18 32 34
24.5 .57 185 20.0 46 2.5 .21 34 35
25.5 .52 185 ■ 12.4 48 3.0 .18 36 32
25.5 .52 185 13.0 46 3.0 .24 34 33
26.5 .51 185 15.0 49 3.5 .26 33 31
26.5 .51 185 15.0 50 3.0 .23 33 33
23.0 .58 185 5.0 46 3.0 35 30
23.0 .58 185 5.0 46 3.0 35 32
27.0 .68 172 10.0 50 2.0 .20 33 34
27.0 .68 172 13.0 48 1.0 .25 33 33
27.75' .76 180 10.5 46 1.0 .10 35 35
27.75 .76 180 11.5 ■ 48 1.5 .11 35 35
23.5 .70 182 7.0 44 1.0 .13 35 36
23.5 .70 182 8.0 46 2.75 .12 37 34
32.5 .50 180 7.5 48 15.5 .21 36 33*
32.5 .50 180 7.5 48 14.75 -.20 38 37*
28.5 .56 180 16.0 49 4.0 37 33*
28.5 .56 180 11.5 50 3.0 37 33*
32.0 .47 180 10.3 49 17.5 .08 37 33*
32.0 .47 180 13.0 50 16.5 .15 37 29*
32.0 .44 180 10.7 49 17.5 .13 37 36*
32.0 .44 180 10.7 49 16.75 .11 37_______ 36*
A verage  fo r C on tinuous
P a s te u r iz e d  ........................................158 34.62 32.85
A verage  fo r P a s te u riz e d  
w ith  F o re w a rm e r  ........ .172 35.15 33.46
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B u t te r  Score o 










8-9 54 128 V a t Je n se n  R 596 .49 150 35 21 44 4 .54 .38 37 31
129 D ouble R eid  ■ &
R eid 596 .49 185 21 47 3 .55 .17 34 34
8-14 56 132 V a t W iz a rd  R 503 .65 146 20 20 3 .67 .30 34 82
133 D ouble R eid  &
R eid 503 .65 185 20 4 .67 .20 34 33
8-21 58 136 V at W iz a rd  R 693 .66 148 20 N one 52 3 1.00 31 32
137 D ouble R eid  &
R eid 769 .66 185 N one 50 3 .32 32 29
11-1 119 237 V a t W iz a rd  R 709 .48 146 20 11.9 46 16 . .49 .27 35 34
238 D ouble Je n se n  R
& R eid 664 .48 11.9 47 15 .48 » .22 35 36
11-4 120 239 V at Je n se n  R 550 .52 145 20 8.1 52 18.5 .31 36 34
240 D ouble W iza rd  R
& R eid 564 .52 8.1 49 18.5 .25 37 34
11-6 121 241 V at W iz a rd  R 531 .48 145 20 8.6 47 20.0 .48 .21 37 37
242 D ouble Je n se n  R
& R eid 549 .48 8.6 47 20.5 .47 .16 37 33
11-7 122 243 V a t Je n se n  R 600 .48 145 20 10.8 50 15.5 .49 .25 38 35
244 D ouble W iza rd  R
& R eid 550 .48 10.0 51 16.5 .53 .30 34 34
11-11 123 245 V a t Je n se n  R 649 .62 145 20 9.1 51 16.0 .60 32 32
246 Double W iza rd  R
& R eid 730 .62 9.4 51 17.0 .59 34 32
11-12 124 247 V a t W iz a rd  R 749 .50 145 20 10.4 50 14.75 .51 36 36
248 Double Je n se n  R
& R eid 607 .50 8.5 49 14.75 .50 37 33
A verage  fo r  V a t P a s te u r iz e d ................ . .  .388 35.11 33.67
A verag e  fo r C o n tinuous P a s te u riz e d  
w ith  F o re w a rm e r ........ .......................................... 231 34.89 33 11
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TABLE V I I I— SW E E T CREAM PASTEURIZED VS. RAW.
No. of 
E xp. L o t
No. of 
C h u rn in g
P a s t ,  o r „ 
R a w  C ream
B u tte r  A n aly ses
M o is tu re  P ro te in  
%  %
B u tte r  
Score on  
F la v o r
1 1 P a s t . 15.20 .89 . 38.0
2 R aw 14.65 .83 38.5
2 3 P a s t . 12.81 .70 39.0
4 R aw 16.55 .64 38.5
3 5 P a s t . 12.87 .70 39.0
6 R aw 13.50 .77 36.0
4 8 P a s t . 12.73 1.02 41.0
7 R aw 12.57 1.02 38.0
5 10 P a s t . 13.80 .83 38.0
9 R aw 14.12 .89 39.0
6 11 P a s t . 14.62 .70 36.5
12 R aw 14.52 .70 36.0
7 13 P a s t . 13.71 .70 39.0
14 R aw 14.22 .83 37.0
8 15 P a s t . 13.08 .89 38.5
16 R aw 13.80 .83 40.0
9 18 P a s t . 13.85 .64 38.0
17 R aw 14.91 .77 38.0
12 25 P a s t . 14.83 1.02 40.0
24 R aw 14.70 .89 40.0
13 26 P a s t . 13.53 .96 39.0
27 R aw 13.50 .83 39.0
14 29 " P a s t . 14.02 1 1.02 39.0
30 R aw 13.35 1.15 38.0
16 33 P a s t . 13.78 1.08 38.0
32 R aw 13.60 1.08 38.0
17- 35» ■ P a s t . 12.66 1.08 39.0
36 R aw 14.29 1.02 39.0
19 39 P asL 13.07 .96 39.0
38 R aw 14.20 1.02 39.0
21 41 » P a s t . 13.70 1.02 8 40.0
42 R aw 14.08 .77 38.5
A verage of 16 sam p ies P a s t . 13.64 .89 38.81
A v erag e  o f 16 sam p les R aw 14.16 .88 38.28
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rABLE IX—SOUR CREAM PASTEURIZED W IT H  CONTINUOUS  
METHOD VS. RAW CREAM.
No. of 
Exp. L o t. ,
No. of 
C h u rn in g
P a s t ,  o r 
R aw  C ream
B u tte r  A n alyses B u tte r  
Score on 
F lav o rM oistu re
%
P ro te in
%
24 49 P a s t . 12.88 .70 38.0
48 R aw 14.79 1.28 37.0
27 55 P a s t . 14.58 :89 33.0
54 R aw 14.30 1.08 35.0
33 67 P a s t. 15.83 1.28 35.0
66 R aw 14.93 1.21 37.5
100 201 P a s t . 14.45 .44 27.0
200 R aw 19.67 .82 31.0
102 205 P a s t . 14.57 .47 35.0
204 R aw 17.99 .73 31.0
103 207 P a s t . 13.47 .45 33.0
206 R aw 13.33 .56 33.0
104 209 P a s t. 13.13 .52 33.0
208- R aw 13.23 .60 30.0
A v e ra s e of 7 sam p les P a s t. 14.13 .68 33.43
A v erag e  of 7 sam p les R aw 15.46 .90 33.50
TABLE X—SOUR CREAM PASTEURIZED W IT H  HOLDING  
M ETHOD VS. RAW CREAM.
No. of I 
Exp. L o t j
No. o f I
C h u rn in g  I I
P a s t ,  o r 
R aw  C ream
B u tte r  A n aly ses
M o is tu re  P ro te in  
% %
B u tte r  
Score on 
F la v o r
22 44 P a s t. 14.85 .64 36.0
45 R aw 14.01 1.02 34.0
25 50 P a s t . 14.85 .96 36.5
51 R aw 15.50 ] 1.24 36.0
26 52 P a s t. 17.15 1.47 34.0
53 P a s t .  • 15.33 1.69 34.0
28 57 P a s t . 13.24 1.08 33.0
5? R aw 14.33 1.02 32.0
•'•'111 122 P a s t. 14.18 .35 36.0
123 R aw 13.50 .51 31.0
112 124 P a s t. 14.25 .47 32.0
125 R aw 13.39 .49 30.0
125 250 P a s t. 14.41 .64 34.0
249 R aw 13.28 .73 34.0
127 252 P a s t . 14.86 .53 3Î.0
251 R aw 15.83 .83 36.0
A v erag i o f 8 sam pies P a s t . 14.72 .77 34.94
A verag e  of 8 sam p les R aw 14.40 .94 33.39
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TABLE XI.— SOUR CREAM PASTEURIZED W IT H  HOLDING  
METHOD VS. PASTEURIZED W IT H  CONTINUOUS METHOD.
No. of 
Exp. L o t
No. of 
C h u rn in g
H old ing  or 
C on tinuous 
P a s t .
B u t te r  A n alyses
M o is tu re  P ro te in  
%  %
B u tte r  
Score on 
F lav o r
29 58 H old ing 15.65 .96 36.559 Cont. 15.43 .83 34-0
32 65 H old ing 16.01 1.15 34.064 C ont. 15.28 1.15 34.0
106 213 H old ing 15.63 .47 33.0212 Cont. 15.04 .51 32.0
128 256 H old ing 14.87 .57 35.0
255 Cont. 15.57 .77 33,0
129 257 H old ing 14.30 .44 ¿6.0258 C ont. 15.50 .51 37.0
130 260 H old ing 14.51 .43 32.0259 Cont. 13.43 .56 35.0
131 262 H old ing 14.47 .64 35.0261 C ont, 11.43 .49 35.0
132 264 H old ing 12.11 .49 32.0263 Cont. 12.74 .70 32.0
133 265 H old ing 13.89 .73 35.0266 Cont. 13.28 .58 33.0
A verage of 9 lo ts H old ing 14.60 .65 34.3A verage  of 9 lo ts Cont. 14.19 .68 34.0
TABLE XII.— SOUR CREAM PASTEURIZED W IT H  CONTINUOUS  
METHOD VS. PASTEURIZED W IT H  FOREWARMER  
AND PASTEURIZER.
No. of 
3xp. L o t
No. of 
C h u rn in g
D ouble o r 
C on tin u o u s 
P a s t .
B u t te r  A n aly ses B u tte r  
Score on  
F lav o rM ois tu re%
P ro te in
%
30 60 Cont. 13.71 .96 33.061 - D ouble 16.08 .89 34.0
63 126 C ont. 13.27 . .32 32.0127 D ouble 14.84 .40 34.0
65 130 C ont. '15.14 .43 36.0131 D ouble 15.69 .39 34.0
a 134 Cont. , 14.00 .30 33.0135 D ouble 14.22 .25 33.0
108 216 Cont. 15.78 .58 35.0217 D ouble 16.28 .55 37.0
115 229 Cont. 13.64 .41 36.0230 D ouble 13.38 .45 ■j ¿8,9 .
117 233 C ont. 14.15 .50 1 f 37.0234 D ouble 15.66 .32 I 37.01
A verag e  o f 7 lo ts Cont. 14.24 1 .50 24 6A verage  of 7 lo ts D ouble 15.16
B
.46 35.3
o & t t w v A
T he te rm  “D ouble” in d ic a te s  th e  c re a m  p a s te u riz e d  w ith  fo re w a rm e r  an d
p a s te u riz e r .
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TABLE X I I I— CREAM PASTEURIZED BY HOLDING METHOD VS. 
CREAM PASTEURIZED W IT H  FOREWARMER AND  
PASTEURIZER.
No. of 
Sxp. L o t
No. of 
C h u rn in g
H old ing  or 
D ouble P a s -  
tu r iz a tio n
B u tte r  A n aly ses
M o is tu re  P ro te in  
%  %
B u tte r  
Score on  
F la v o r
54 128 H old ing 15.19 .36 37.0
129 D ouble 15.90 .49 34.0
56 132 H o ld in g 15.17 .32 34.0
133 D ouble 14.79 .35 34.0
119 237 H old ing 13.10 .52 35.0
238 D ouble 14.49 .44 35.0
121 W Ì 241 H old ing 12.89 .52 37.0
242 D ouble 14.28 .48 37.0
122 243 H old ing 13.58 .42 38.0
244 D ouble 15.02 .44 34.0
123 , 245 H old ing 15.00 .41 32.0
246 D ouble 14.48 .41 34.0
124 247 H old ing 13.13 .41 36.0
248 D ouble 14.19 .42 37.0
A v erag B of 7 lo ts H old ing 14.01 .42 35.6
A v erag e  of 7 lo ts D ouble 14.74 .43 35.0
T h e  te rm  “D ouble” in d ic a te s  th e  c ream  p a s te u riz e d  w ith  fo re  w a rm e r  a n d
p a s te u riz e r .
TABLE X IV — SOUR CREAM PASTEURIZED AND AERATED VS. 
PASTEURIZED W IT H O U T  AERATION.
No. of 
3xp. L o t
No. of 
C h u rn in g
W ith  o r 
W ith o u t 
A era tio n
B u tte r  A n aly ses
M o is tu re  P ro te in  
% %
B u tte r  
Score on  
F lav o r
134 268 W ith 12.98 .71 36.0
267 W ith o u t 13.48 .67 35.0 .
136 272 W ith 13.59 .65 35.0
271 ' W ith o u t 13.75 .57 34.0
137 274 . W ith 13.78 .49 36.0
273 W ith o u t 13.54 1 .53 | | 36.0
138 275 W ith 14.25 .47 ; 36.0
276 W ith o u t 15.86 .56 | g 35.0
139 277 W ith 13.57 .51 32.0
278 W ith o u t 13.26 .52 35.0 11
142 283 W ith 14.10 .39 36.0
284 W ith o u t 13.53 .44 35.0
144 288 W ith 15.78 .90 36.0
287 W ith o u t 15.07 .69 36.0
A v erag i of 7 lo ts W ith 14.01 .574 35.3
A verag e  of 7 lo ts W ith o u t 14.07 .569 35.1
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PART II. BACTERIOLOGICAL STUDIES
By B. W. Hammer
INTRODUCTION.
If the buttermaker could secure cream in a germ free 
condition and without undesirable flavors and aromas due 
to causes other than bacterial, he would have an ideal sup­
ply for the manufacture of good butter. The proper strains 
of lactic acid organisms, suitably cultivated, could then be 
inoculated into the cream and the fermentation carefully 
controlled, with the result that an excellent flavor and aroma 
could be developed in all the churnings.
Under the whole milk plan the cream skimmed in the 
creameries always contains some organisms, and frequently 
quite a large number, because milk as it comes from the 
animals is far from sterile and under ordinary conditions 
the contamination incident to the drawing and handling of 
the milk is very considerable. With this system, however, 
the quality of cream available for butter making is above 
vxru Quality available under the gathered cream system. 
When the skimming is done on the farm, the separator em­
ployed has not always been properly cared for and the 
cream is, as a rule, held for several days at a temperature 
higher than is desirable for the storage of a product so 
susceptible to bacterial action. Accordingly, the cream sup- 
phed by the farmer, generally speaking, is heavily contami­
nated with micro-organisms whose activity may have re- 
sulted in the formation of objectionable flavors and aromas 
m addition to considerable amounts of acid.
The modern buttermaker desires to get rid of the 
foreign bacteria as far as possible before he inoculates the 
cream with the cultures of desirable organisms. The method 
used is to heat the cream to various temperatures, the period 
of heating varying correspondingly, in order to accomplish 
the destruction of many, of the bacteria that are not in the 
spore form. It is realized that the growth of the foreign 
bacteria has resulted in the production of compounds that 
tiave been taken up by the butter fat and that it is impos- 
sible to overcome their influence entirely, but it is believed 
to be advantageous to stop at once the growth of as many of 
these organisms as possible.
CONSIDERATION OF T H E  PROBLEM.
The bacterial efficiency of a certain temperature and 
time is largely determined by the types of bacteria present
29
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in the material to be pasteurized. It has recently been 
shown that the thermal death point of the Bad. ladis acidi 
forms varies a great deal among the different strains and it 
seems reasonable to suppose that the same condition obtains 
with regard to various other types; it is probable that the 
same efficiency would not always be obtained even if the 
same types of micro-organisms were present in practically 
the same numbers. Inasmuch as it is desirable for the but- 
termaker to destroy as many of the bacteria present in 
cream as possible without using exposures that are deleter­
ious from other standpoints, the question of bacterial effi­
ciency is very important to him.
Much of the bacteriological work on pasteurization has 
been done on milk and sweet cream. The creameries of 
Iowa, however, receive a very considerable percentage of 
sour cream as the result of careless methods of handling 
and transportation. With sour cream containing its large 
percentage of Bad. ladis acidi forms, most of which are 
comparatively non-resistant to heat, it would be expected 
that the percentage of bacteria killed by a certain exposure 
would be higher than where sweet cream was used. During 
the past year experimental work in the Iowa State College 
creamery has afforded facilities for carrying out a certain 
amount of work with sour cream, along the line of bacterial 
efficiency, under conditions which, while essentially prac­
tical, were fairly well controlled.
A Reid pasteurizer was used in the work on the con­
tinuous, or flash, method of pasteurization, while the hold­
ing process was carried out in either a Jensen cream ripener 
or a Wizard agitator. Inasmuch as two persons, A and B, 
have been in charge of the work in the creamery during the 
period of study, it seemed advisable to keep separate the 
data obtained in conjunction with each. In A’s study very 
little comparative work was carried out, one day’s cream 
being all pasteurized by one method. In B’s study, however, 
comparative work was carried out and accordingly the bac­
teriological data have been tabulated for comparison wher­
ever possible.
The bacterial counts were all made by the plate method, 
using the agar of the American Public Health association 
with an incubation of 48 hours at 37° C. It is probable that 
If a longer incubation period at a lower temperature had 
been used, higher counts would have been obtained, but The 
failure of living organisms to grow under the conditions 
provided indicates for the most part a weakened condition 
as a result of the exposure to heat, and such organisms 
would probably be of little importance under practical con-
30
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ditions; accordingly an incubation of 48 hours at 37° C. is 
believed to be desirable. The bacterial counts were com­
puted from the average of two plates. The samples repre­
senting cream after vat pasteurization were taken subse­
quent to the cooling of the cream. In the case of the flash 
method, where a cooled sample was studied, a small amount 
of the material was collected as the cream ran from the 
cooler instead of waiting until the whole amount had been 
collected and mixed; commonly, however, a sample was 
taken as the material ran from the pasteurizer and then 
cooled rapidly.
In all cases the percentage of bacteria killed by the 
different exposures has been computed and recorded as the 
bacterial efficiency, but with the high initial counts that are 
obtained on sour cream such a percentage is rather an un­
satisfactory index of the efficiency of the pasteurization, 
because even with very large numbers of organisms remain­
ing the percentage is exceedingly small. In some cases an 
efficiency percentage of 99.999 is given when 100.000 is 
nearer the actual percentage of bacteria destroyed; this was 
done because a bacterial efficiency of 100.000 suggests a de­
struction of all of the organisms present.
RESULTS OBTAINED.
The results obtained with the holding method by A are 
given in table I. From the work there recorded, which was 
carried out in warm summer weather so that the tempera­
tures at which the cream was held were probably rather 
high and favorable to the growth of many types of micro­
organisms, it will be seen that exposures for 20 minutes at 
temperatures less than 140° F. commonly left over 1,000,000 
bacteria per c.c. Even when temperatures of 140° F. or 
more were employed, very large numbers of bacteria were 
sometimes found after heating. The smallest number of 
orgamms found in sour cream after pasteurization at 140° 
minutes was 63*000 per c.c., while the highest was
660,000.
Table II gives the results obtained by A with the flash 
method of pasteurization.
.The figures presented there show that with the flash 
method of pasteurization, using a temperature of either 
180 or 185° F., a high bacterial efficiency was constantly 
obtained (always 99,999) and that the number of bacteria 
aevelopmg on agar was very small, the highest number be- 
mg 4,050 and the lowest 200 per c.c. The last column in the 
table gives the number of bacteria present in various
31
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samples of cream after running over the cooler and is given 
simply to illustrate the contamination that may come from 
this source. It will be seen that the contamination during 
cooling sometimes increases the bacteria in the pasteurized 
cream very greatly, while in other cases such contamination 
is of no significance. In the case of the sample pasteurized 
in experiment 5 there were apparently fewer organisms 
after cooling than before. This is probably due either to 
small variations in the cream or to a slight contamination 
of the sample taken from the pasteurizer.
Table III shows the results obtained by A in 4 experi­
ments with the retarder, the material being in the retarder 
20 minutes. Bacterial counts  ^were made on the cream after 
it Jaad been heated and before entering the retarder and 
again as the material left the retarder. x
The small amount of data at hand indicates that the 
use of the retarder results in the destruction of very large 
numbers of the organisms originally in the sour cream, the 
percentage running from 99.916 to 99.993.
After pasteurization by this method the largest num­
ber of organisms remaining was 435,000 per c.c. and here 
the temperature of heating was the lowest of the series. It 
is apparent also that flashing sour cream at from 145° to 
155° F. destroys quite a large percentage of the bacteria 
present, although the actual numbers left are large.
In table IV the results of some work by A on double 
pasteurization are given. The cream was first run through 
the Reid and then held in a vat instead of cooling it down. 
After a short time the cream was again run through the 
Reid at a much higher temperature than in the first case.
Table IV shows that with double pasteurization as car­
ried out in this work a good efficiency was obtained and the 
number of bacteria remaining in the cream was in general 
very small, although in one case out of six 36,500 bacteria 
per c.c. were left after pasteurization. The table further 
shows that flashing the cream at a temperature as low as 
120° F. results in the destruction of a considerable number 
of the bacteria contained, although extremely large num­
bers capable of developing on agar plates remain.
Table V gives the results obtained by B using the 
holder method. As will be seen from the table, in the bulk 
of the work an exposure of 145° F. for 20 minutes was used.
Table V shows that with the holder method the effi­
ciency varied from 99.864 to 99.994, with about one-third 
of the samples running 99.990 or over. The sample with 
which the lowest efficiency was obtained was the sample 
showing the smallest initial count and accordingly very
32
Bulletin, Vol. 14 [1914], No. 156, Art. 1
http://lib.dr.iastate.edu/bulletin/vol14/iss156/1
31
probably had the smallest percentage of B ad. ladis aeidi 
forms. From this work, representing winter conditions, it 
is apparent that exposures of 145° F. for 20 minutes some­
times leave quite large numbers of bacteria in a living con­
dition. The highest number found was 526,000 per c.c„ 
while the lowest number observed after this exposure was 
21,600.
Table VI gives the results obtained by B with the flash 
method, using the Reid pasteurizer.
Table VI shows that a high efficiency was obtained with 
the flash method of pasteurization at a temperature of 180° 
F. in all the samples examined. In 6 out of 8 experiments 
the efficiency was 99.999, while in the remaining 2 it was 
99.998. The number of living organisms remaining was in 
general very small, the highest, 17,650 per c. c., being ex­
ceptional. The results presented again illustrate the con­
tamination that may be incident to the cooling of the cream.
In table VII the results obtained by B using double 
pasteurization are given.
Table VII shows that a very high efficiency was ob­
tained in all cases where the method of double pasteuriza­
tion was employed. In all cases except one the efficiency 
was 99.999 and here it was 99.997. The highest bacterial 
content observed on the pasteurized cream was 9,850 per 
c.c. and the lowest 550. An exposure to 120° F. for 20 
minutes resulted in the destruction of a large number of 
organisms, although in all cases the total number remain­
ing was very large.
As before stated, a considerable part of the work of 
R was carried out comparatively—that is, the cream for 
each day was divided and different methods of pasteuriza­
tion used on each part. This has made possible an exact 
comparison of the different methods of pasteurization from 
the standpoint of bacterial efficiency. The data given in the 
following tables is taken in large part from the data pre­
viously given and is here retabulated for the purpose of 
comparison.
Table VIII compares the holder method with the 
method of double pasteurization.
. Table VIII shows that in the six experiments, the 
double pasteurization as carried out resulted in the destruc­
tion of more bacteria than the vat pasteurization, in every 
case. 17
In table IX the results of a comparison of the flash and 
holder methods are given.
Lfj J^om IX, giving the results of 5 comparisons of 
the holder and flash methods* it is apparent that the flash
33
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method, exposing the milk to 180° F., results in the destruc­
tion of a greater number of bacteria present in cream than 
pasteurization with the holder method, using an exposure 
of 145° F. for 20 minutes and in one case for 25 minutes.
Table X gives the results of 3 experiments comparing 
the flash method with the method of double pasteurization.
From table X it is apparent that there is but little dif­
ference between the results obtained with the flash method 
and those obtained by the method of double pasteurization, 
both methods giving a high efficiency. In one of the three 
experiments, the bacterial efficiency was the same, and of 
the two remaining, one showed an advantage for each of the
methods. . „ . _ . .
Certain creameries use a method of blowing air 
through the cream during the heating process in order to 
overcome, or at least reduce, certain undesirable odors and 
flavors»
Table XI shows the results of a comparison of holder 
pasteurization with aeration (holding method). In this 
work the air used was taken from out of doors and bubbled 
through a 3-foot layer of either water or lime solution.
Table XI shows that in 6 experiments out of 8, where 
cream was aerated or blown during the time of pasteuriza­
tion, it contained more bacteria than the same cream pas­
teurized without aeration. This would be expected, of 
course, inasmuch as bubbling the air through water or lime 
solution would probably not remove all of the contained 
organisms. The variations in some cases are so large, how­
ever, that they cannot be explained by air contamination 
alone and in the two cases where higher counts were ob­
tained without the use of air than with it, the results are 
not so easily explained. It is probable that the discrepancies 
in the results are due to variation in the temperatures of the 
vats, which, although slight, were large enough to have an 
influence on the bacterial efficiencies.
A number of investigators have pointed out the absence 
of any relationship between the acidity of a sample of cream 
and the number of bactria contained in it; the data pre­
sented in the various tables furnish additional evidence of 
the absence of such a relationship. From the tables it is 
also apparent that there is no relationship between the acid­
ity of the cream and the number of organisms remaining in 
the cream after pasteurization. Unpublished data obtained 
by this laboratory indicate that the acidity present has an 
important influence on the destruction of the Bad. ladis 
àcidi forms by heat, so it is probable that the lack of rela­
tionship is due to variations in the initial flora of the cream.
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Influence of Pasteurization on the Keeping Qualities of the
Butter.
The scores presented in part I, together with the data 
on bacterial efficiencies obtained with the various methods 
of pasteurization afforded an opportunity of determining, 
in a general way, whether or not there was any relationship 
between the deterioration of the flavor of butter during 
storage and the number of foreign bacteria present in the 
cream from which it was made.
The figures representing the flavor deterioration of the 
butter were obtained by adding together the points lost dur­
ing the storage, subtracting the points increased by certain 
samples and dividing by the total number of samples to get 
an average. In certain cases the total number of points in­
creased during storage was greater than the total number 
of points lost and here of course the subtraction was re­
versed and the figures represent an average increase in­
stead of a decrease.
The comparison (17 trials) of the flavor deterioration 
of butter made from ripening raw sweet cream with the 
flavor deterioration of butter made from the same quality 
of cream pasteurized with the holding method before ripen­
ing shows that on the average the deterioration was some­
what less with pasteurization, being 1.44 as against 2.06 
for the raw samples.
Where the butter made from raw sour cream is com­
pared (11 trials) with the butter made from the same qual­
ity of cream after pasteurization by the continuous method, 
the average flavor deterioration with the heated cream but­
ter is found to have been slightly less than with the raw 
cream butter, being 1.59 as against 1.68.
The results obtained in a comparison (14 trials) of the 
flavor deterioration of the butter made from raw sour cream 
with the flavor deterioration of the butter made from the 
same quality of cream pasteurized by the holding method, 
show that the average deterioration was much the same, be­
ing 1.46 for the pasteurized cream butter and 1.50 for the 
raw cream butter.
The comparison (9 trials) of the flavor deterioration 
ot butter made from sour cream pasteurized by the holding 
method and the flavor deterioration of butter made from the 
same quality of cream pasteurized by the continuous method 
shows that on the average there was an increase in the 
score during the storage, this being .61 with the holding 
method and .33 with the continuous method. While it is not 
believed that an improvement in the flavor of butter during
35
Mortensen et al.: Pasteurization of cream for buttermaking
Published by Iowa State University Digital Repository, 1914
34
storage is common, these results indicate that there was but 
slight difference in the flavor deterioration of butter made 
after pasteurization by the two methods.
The results obtained in a comparison (13 trials) of the 
flavor deterioration of butter made from sour cream pas­
teurized by the continuous method with the flavor deteriora­
tion of butter made from the same quality of cream after 
pasteurization by the double method show that the values 
were practically the same, being 1.77 for the continuous and 
1.69 for the double method.
When the flavor deterioration of the butter made from 
sour cream pasteurized with the holding method is com­
pared (9 trials) with the flavor deterioration of butter 
made from the same quality of cream pasteurized by the 
double method the value for the holding method is 1.44 and 
for the double method, 1.78.
In the comparison (11 trials) of the flavor deteriora­
tion of butter made from sour cream pasteurized with aera­
tion and the flavor deterioration of butter made from the 
same quality of cream pasteurized with the holding method, 
an increase in the average score is again observed in both 
cases, the increase being 1.45 with aeration and 1.55 with­
out aeration. From these results it is evident that there is 
but little difference in the deterioration of the butter made 
by the two methods.
The data presented in the above indicate that the but­
ter made from pasteurized cream, on the average, showed 
less flavor deterioration than butter made from raw cream 
(table XII).
METHODS USED.
TABLE X I I— COMPARISON OF DETERIORATION OF BUTTER  
MADE FROM RAW CREAM W IT H  T H A T  OF BUTTER  
MADE FROM PASTEURIZED CREAM.
K in d  of 
C ream
M ethod  of 
P a s te u r iz a tio n
B u tte r  fro m  P a s ­
te u r iz e d  C ream . 
A verage  n u m b er 
P o in ts  D e te r io r­
a te d
B u tte r  fro m  R aw  
C ream . A v erag e  
N u m b er P o in ts  
D e te r io ra te d
S w eet H olding’ 1.44 2.06
Sour C on tin u o u s 1.59 1.68
Sour H old ing 1.46 1.50
The greatest average difference was .62 and this oc­
curred when the material used was sweet. With sour cream 
the average difference between the raw cream and pasteur­
ized cream butter was .09, when the continuous method of 
pasteurization was used, and .04 when the holding method
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was used. These differences, although both in favor of the 
pasteurized cream, are too small to be of any significance, 
particularly when such widely varying results were ob­
tained in the individual experiments.
In the comparison of the flavor deterioration of butter 
made from sweet cream pasteurized before ripening with 
the flavor deterioration of butter made from ripened raw 
sweet cream, the differences were more consistently in favor 
of the pasteurized material than where sour cream was 
worked with. The small average advantage of .62 in favor 
of pasteurization, together with the small number of ex­
periments available, hardly justifies the conclusion that pas­
teurization of sweet cream before ripening improves the 
keeping quality of the butter made therefrom.
In the data reported by Lee*, the early work indicated 
that there was a more rapid deterioration of the butter 
made from pasteurized cream than of the butter made from 
unpasteurized cream, while the later work indicated the op­
posite relationship between pasteurization and deteriora­
tion. From the results obtained in the present study, to­
gether with the data reported by Lee, it seems reasonable 
to conclude that pasteurization of cream does not materially 
improve the keeping qualities of the butter made therefrom.
In general, it seems that but slight differences are en­
countered when the deterioration of butter made from 
cream pasteurized by various methods is compared. Al­
though the differences in all comparisons were in favor of 
the holding method, these are too small to be of any import­
ance. The differences between butter made from aerated 
cream and butter made from unaerated cream were of equal­
ly little significance. It seems reasonable to conculde then 
that under the conditions of the experiments the presence of 
comparatively large numbers of foreign bacteria in cream 
did not cause a more rapid deterioration of the butter made 
from it. It is realized that the data deals with only a com­
paratively small number of experiments, and that more 
work should be carried out along this line, but the results 
are at least suggestive.
CONCLUSIONS.
1. The method of vat pasteurization of sour cream at 
temperatures of 140° to 145° F. for 20 minutes sometimes 
left large numbers of living bacteria present, although the 
percentage killed was high.
2. After pasteurizing sour cream with the flash
•Lee—B u lle tin  138, U n iv e rs ity  of 111. A g ric u ltu ra l E x p e rim e n t S ta tio n .
37
Mortensen et al.: Pasteurization of cream for buttermaking
Published by Iowa State University Digital Repository, 1914
36
method at 180° or 185° F., only small numbers of bacteria 
were found in a living condition.
3. The use of the retarder on sour cream resulted m 
the destruction of a great many of the contained bacteria. 
From the small amount of data available, it appears, as 
would be expected, that the efficiency obtained approxi­
mates vat pasteurization more nearly than flash pasteuriza­
tion as carried out in this work.
4. With the use of double pasteurization on sour 
cream, a very high efficiency was secured and only very 
small numbers of organisms remained in the cream in a 
living condition; the results on bacterial efficiency approxi­
mate those obtained by the flash method.
5. A comparison of the vat method with the method 
of double pasteurization shows that the latter destroyed 
larger numbers of organisms than the former.
6. When the vat method was compared with the flash 
method of pasteurization, it was found that the latter de­
stroyed the larger number of organisms.
7. A comparison of the flash and double methods of 
pasteurization showed that practically the same results 
were obtained with the two methods.
8. The method of blowing air through cream during 
the pasteurization process was found to increase the num­
ber of bacteria in the pasteurized cream in the majority of 
cases.
9. Flashing sour cream at temperatures as low as 
120° F. resulted in the destruction of considerable numbers 
of bacteria, although the numbers remaining were very 
high.
10. The results bear out the conclusions of various 
investigators that there is no exact relation between the 
number of living bacteria contained and the acidity of sour 
cream.
11. There was no relationship between the acidity of 
the cream and the number of organisms remaining in the 
cream after pasteurization.
12. Butter made from raw cream had practically as 
good keeping qualities as butter made from pasteurized 
cream.
13. But slight differences were encountered when the 
deterioration of butter made from cream pasteurized by 
various methods was compared.
14. The presence of foreign bacteria in cream did not 
cause a more rapid deterioration of the butter made there­
from.
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TÁBLÉ I— RESULTS O B T A IN ËD BY “A” ON SOUR CREAM W IT H  

















































































1 .54 : 720,000,000 135° F . 20*mln. 93,000 99.987
: 2, .46 ; 680,000,000 136° F . 20 m in . 1,500,000 99.779
.43 700,000,000 136° F . 20 m in. 1,400,000 99.800
4 .43 470,000,000 140° F . 20 m in. 535,000 99.886
5 .51 800,000,000 137° F . 20 m in. 1,420,000 99.822
6 .47 720,000,000 137° F . 20 m in. 1,170,000 99.837
'7 .48 730,000,000 144° F . 30 m in. 300,000 99.959
8 .42 510,000,000 138° F . 20 m in. 1,170,000 99.7719 .41 500,000,000 140° F . 20 m in. 63,000 99.987
10 .40 570,000,000 140° F . 20 m in. 70,000 99.988
11 .43 650,000,000 140° F . 20 m in. 660,000 99.898
TABLE II— RESULTS OBTAINED BY “A” ON SOUR CREAM W IT H  































































































1 287,000,000 180° F. 4,050 99.999 35,5002 244,000,000 180° F. 1,300 99.999 135,0003 304,000,000 180° F. 350 99.999 .950
4 197,500,000 180° F. 1,350 99.9995 244,000,000 180° F. 1,450 99.999 1,050
ü 324,000,000 180° F. 200 99.999 3,250
7 .52 710,000,000 185° F . 1,150 99.999 1,2508 .54 ■ 825,000,000 185° F. 2,100 99.999 2,3009 .54 605,000,000 185° F. 750 99.999 9,40010 .49 560,000,000 185° F . 850 99.999 6,35011 .50 167,500,000 185° F . 300 99.999 4,05012 ! .46 565,000,000 185° F. 1,950 99.999 2,60013 : .43 495,000,000 185° F . 560 99.999 1,450
TABLE I I I— RESULTS OBTAINED BY “A” ON SOUR CREAM W IT H
































































































































1 g .51 . 515,000,000 145° F. 10,200,000 435,000 99.9162 .49 560,000,000 148° F. 51,000,000 42,000 99.992O ", . .50 167,500,000 155° F. 1,260,000 132,500 99.9214 .46 565,000,000 150° F. 51,000,000 42,000 99.993
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TABLE IV— RESULTS OBTAINED BY “A” ON SOUR CREAM 
DOUBLE PASTEURIZATION.
W IT H
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1 304,000 120° 
20 m. 128,000 180° 1,300 99.999 4,750
2 197,500 120° 
20 m. 67,500 180° 1,100 99.999
3 .46 425,000 130° 
20 m. 415,500 185° 1,600 99.999 1,800
4 • 41 500,000 130° 25 m. 161,000 ; 185° 36,500 99.993
5 .43 495,000 128° 
20 m. 365,000 185° 1,300 99.999 1,100
6 .43 .650,000 130° 
20 m. 13,700 535,000 185° 1,500 99.999 1,850
TABLE V— RESULTS OBTAINED BY “ B” ON SOUR CREAM W IT H  


















































































1 .48 550,000,000 146° P . 20 m in. 87,000 99.984
2 .48 145° F . 20 m in. 168,500
3 .48 375,000,000 145° F . 20 m in. 38,000 99.990
4 .48 460,000,000 145° F . 20 m in. 32,000 99.993
5 .62 376,000,000 145° F . 25 m in. 30,850 99.992
6 .50 700,000,000 145° F . 20 m in. 75,000 99.989
7 .57 710,000,000 145° F . 20 m in. 128,000 99.982
8 .56 575,000,000 145° F . 20 m in. 117,000 99.980
9 • .54 515,000,000 145° F . 25 m in. 255,000 99.950
10 .57 265,000,000 145° F . 20 m in. 50,500 99.981
11 .45 495,000,000 145° F . 20 m in. 199,000 99.960
12 .54 570,000,000 145° F . 20 m in. 59,000 ! 99.990
13 .42 820,000,000 145° F . 20 m in. 526,000 99.936
14 .35 440,000,000 145° F . 20 m in. 438,000 99.900
15 .66 390,500,000 145° F . 20 m in. 21,600 99.994
16 .48 490,000,000 145° F . 20 m in. 146,500 99.970
17 . .34 530,000,000 145° F . 20 m in. 325,000 99.939
18 .60 600,000,000 145° F . 20 m in. 77,000 99.987
19 .47 328,000,000 146° F . 20 m in. 30,050 99.991
20 .46 111,000,000 145° F . 20 m in. 151,000 99.864
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TABLÉ V I— RESULTS OBTAINED BY “ B ”  ON SOUR CRÉAM W IT H  





























































































1 .47 254,500,000 180° F. 5,450 99.998 6,6002 .56 352,000,000 180° F. - 2,750 99.999 4,4003 .44 620,000,000 180° F. 3,100 99.999 2,6504 .54 515,000,000 180° F. 4,400 99.999 85,0005 .57 265,000,000 180° F. 3,800 99.999 23,8006 .45 495,000,000 180° F . • 1,150 99.999 1,2507 .54 570,000,000 180° F. 4,800 99.999 15,5008 .42 820,000,000 180° F. 17,650 99.998 18,200

















































































































































550,000 120° F. 
120° F.












6 .48 375,000 120° F. 20 m in. 99.999.48 460,000 120° F. 20 m in. 85,000 180° F . 2,500 99.999.62 376,000 120° F. 20 m in . 59,000 180° F. 1,200 99.999.50 700,000 120° F. 20 m in. 180° F. 600 99.999
TABLE V I I I— COMPARISON OF T H E  HOLDER M ETHOD AND T H E
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.48 550,000 146° F. 87,000 99.984 120° F .
20 m in. 20 m in. +
.48 145° F . 168,500




20 m in. +
.48 375,000 145° F. 38,000 99.990
180° F . 
120° F.
550
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.48 460,000 145° F . 32,000 99.993
180° F . 
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.50 700,000 145° F . 75,000 99.989
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145° 25 m in . 
145° 20 m in. 
145° 20 m in. 
145° 20 m in. 


























TABLE X— COMPARISON OF T H E  FLASH M ETHOD W IT H  
M ETHOD OF DOUBLE PASTEURIZATION. '
0  Ù  
Ü®.
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1 .47 ¡254,500,000 180°! 5,450 99.998 120° F , ! 30 m in. 4t 
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TABLE X I— COMPARISON OF HOLDER PASTEURIZATION  
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.66 390,500,000 145° 20 m in. to
21,6 Od
A 7 150° & fell 63,000142° in 20 m in.
.48 490,000,000 145° 20 m in. 146,500
.34 530,000,000 145° 20 m in. 325,000
.60 600,000,000 145° 20 m in. to
77,000
.30 440,000,000 152° & fell 5,300145° in 20 m m .
.47 328,000,000 146° 20 m in. 30,050
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